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thle cases. Moleover, in somiie of the sectiolns the liver cells
-show bile stainiiig; anld there are appea.rances of the sanme
kiiid a-s those Wen in cases of toxic jaundice. These features
suggest that thie increase of bilirubin in the blood is du-le to
interference with the polygonial cells, sonmetimes by poison-
inig, sometimes by damiminig hac;k of the bile in tlhe smialler
bile ducts. and somietimes b1)b0th. The inicrease of bilirubii
slhowni constituftes latenit janniidice. In the few cases in
m hich the fragility of the re(d cells w-as examiined if was
foundl(I to he nor-mal; tllis strengthens the view- that tlle
jaundice is (ine to something, in the live' and not t.
haemolvsis.

La cr(lose Test.
The basis of this test is tlhat laevulose given to a nlormal

peisois does not increase the b)1ood1 sugar, whereas whlen thle
liver is. functioning deficienitlv thlere is a ciharacteristic
increase in blood1 sutrar. The (lose of laevulo,-,e& is given1 oni
11 elmp)t stoiachi, ande the blod sugar estimated half-
hr0111l1v for two houl-s.

I ha.ive divided the cas9,s inito two claese (Table 1V) as
il the v-ani deni Bilirg tkcst. In Ta,les V and(l V'I, dealin-

TABLE IV.

Hepatitis Mark-ed or Moderate. Hepatitis Slight or Nil.

Condition of Laevailose Test Conditioin of Leevulose Test
Gall-blacder. (Liver Function). Gall-bladder. (Liver Function).

Pathological ... Deficient Pathological Not deficient.
Deficienit ... Not deficient.

Control case ... Deficient .. D.2ficie,it.
Pathological *.. Deficient Deficient.

Deficienit Control case Not deficient.
Deficient ,Not deficient.
Deficient ,, .. Not deficient.
Deficient ,, Deficienit.
Deficie ut ... Not deficient.
Not deficient .N,, Not deficient.

TABLE V.-(5(QC$ in /(-hirh Hcpohtitit. a-eS Markf' d w, Modcrat .

T Van deni Bergli Laevulose TestTyple of C:ase. Test. (Liver Function).

Pathological gall-bladdcr . D.N.; I.P. (s) Deficient.
Pathological gall-bladder D.N., I.P. Deficient.
Control. ... ... ... D.N.; I.P. (s) Deficient.
Patbological gall-bladder D.N.; I.P. Deficient.
Pathological gall-bladder ... D.N.; I.P. Deficient.
Pathological gall-bladder ... D.N.; I.N. Deficient.
P'athological commnion duiet D.P.; I.P. Deficienit.
Pathological gall-bladder D.N.; I.N. Not deficient.
Pathological comm1]s]on1ducet D.P. I.P. Deficient.
I'athological comnmon duct D.N.; I.P. Deficient.

See Table III for explanation of letters in Tables V and VI.

TABLE VI.-C(fSOS in? ichich Hpatitis was Slight oi j.i

Vani den Bergh Laevulos:e TestType of Case. Test. (Liver Functioni.

Pathologi-al gall-bladder D.N.; I N. 'Not deficient.
Patho!o tical gall-bladder .... ... D.N.; I.P, (s) Not deficient.
Pathological gall-bladder ....... D N.; I.P. (s) Deficient.
Pathological gall-bladder'. D.N.; I.P. (a) P,obably deficient.
Control ... ... ... ... ... D.N.; I.N. Not deficient.
Conitrol ... ... ... ... ... ... ... D.N.; I.P. (Vs) Not deficient.
Control ... ... ... ... ... ... D.N.; IP. (vs) Not deficient.
CoDtrol ... ... D.N.; I.N. Deficieint.
Control... . .D.P. (s); I.P. Not deficient

i(laexauochrnmatoAis)
Control .... .. D.N:; I.P. tsv) No-deficient.

rec:spectively withl eases inl whiichl hepatiti.s iv-as lulvalkhed or
mnoderate andl othlers inl wahich it wa.s slighlt or ol , thle
resullts of both tests are lalawsd side by sidle. Onle cwase,
uhich waas tboimghlt to be an1 inlstanlce of haemlochromnlatosis,
shouldl bc omlitt.ed. It w-ill be observed thlat thel~e is a closeI

p)aIallelisin betweeni the results given by the two tests on
theAwhlole the state of the liv-er is shown- 1nore accurately
by- the laevulose test. Thiis came rathier as a surprise.
I (1o not w-islh to stress tllese finidinigs unduly, because the
numbler of eases is slmnall. So far as I know neitlher of these
tests hais been clhecked bv imiicr oscopic liver examinatious

iorn to this series, and it miiay be that the conidenmiiationwhich the laev-uilose test lhas suiffered is due, niot so muchl
to it beiig an unreliable test of the state *of the liver, as
to thle fact that a resuilt which inidicates hepatic deficieincy
(loes nlot neces,sa.rily receive clinical sill)port. This miiay be
because< ouri plieseiit knowledge of whlat is going onl in
thle liver pUIrelyv from1i cliiical obser-atio' is depressinglydeficient, and1 niot beeause thte laevx-ilose test is at fault.

I feel that somiie explanation is due for preseiltilng so
few cases; I would point out that it is extremely difficult
for a single in-estigator to l)roduce a large series; the
work involved is very time-consiuming, anid it is niot always
easy to get the necessary collaboratioil at thte timne tho
im-aterial comiies to lhanid; moreover, the patient has to be
considlered p)rinarily-, and in maniy cases I d(ld not feel
justifie(d in prolonging the oper-ationi beyonid the p)eiiod that
was absolutely essenltial, nior in. subjecting the jaunidicedl
p)atients to a p)ossible risk of oozinig foim the cut liver, and
So on. How-ei-eve, every series aidds to, the total contribni-
tion to tlis sibiject, and a sufficient nuiimber of cases have,
hecli reporte(l, I tllillln, to w.-arrant the conielusionl that
hlej)atitis is associated in somiie way with cholecy-stitis, anid
also with m11a1ny othler initi a-abdominial lesions. In iegarld
to the existence anid tpl)e of the lhepatitis, miiy finidings
agree very closely w-itlh those of Grahlam; oni thie othier'
hanid, the bacteriology of miiy series differs fromii hiis in.
degree rather thani in kiiid; oni botlh these points they are'juite differenit fromii what A. L. Wilkie describes.
The correlation of funietionial tests of tlle liver witl

inlierosrop)ic examiiniationis lhas olpened up a niew field so far
as f ami aware; with suich a few cases at one's disposal any
explanation of the ol)served phenomena must to a large
extenit be speculativ-e. -Nevertheless, the results seelm
suffiielntly interesting antdl uniiformll on the whole to vake
it wo-olrthl wi-hile extend(inlg this miethod of research.

I should like to thank Dr. A. L. Thylor and Miss Hickmiian,whlo fid the nmicroscopic part of this -work; Professor McLeod ain(IMiss Wheatlev, wlho are responsible for the bacteriology; anid Dr.Fowweat hier, who detemniined the liver function tests. With1outtheir help it wouild have beeni impossible for me to have obtainie(dtllie reliable laboratory infor-mation so essential to tbis kind ofinvest igat ion.

CARCINOG4ENIC SUBSTANCES AND THEIR
FLUORESCENCE SPECTRA.

BY

E. L. KENINAWAY AN-D I. HIEGER.
(Cancer lHospital Researchi Institute, London.)

(Wl-ith Special Plate.)

THF results described here1 aire the latest obtained in. an
investigationi of the calvinogenic action. of coal tar. it
has be1i known for manvl vears that cancer could be pro-
duieed JV certain in(lllstrial proltllCts (gas-works tar, ,slale
oil) which lhad beeii expose(l to hiigh tensperatures, alld this
pisoc-ess of formation of carcinogenic materials has beenlextended ini the laboratory of the Cancer Hospital ReseQarc]C
lnstitute_ by lheating a varietv of subs-tances (acetylele,
isolprene, cholesterol; lumllalll skin, muscle, and hair; yeast)
of wliich every onie y-ielded pro(lucts which caused canmlr
wh]en al)l)lied to mlice. Ani attemiipt was theni made to
obtain canicer-pr-oducing substances at body tenmperatuire
by reactionls which nlight resemble more closely those occur-
riniig in thle tissues, When cancer develops naturall1, tlhan
(d0 chanoes iii a red-lhot tube at 7000 to 9000.

Schri-oetei I in 1920 described a miiixtuire of high-boiling
compomnis foi whle(Iii-lien alumiinlium clhlolide acte(l p11)011bettalill (comnmercial tetialhvdronalphAithalene) at 300 to
400 C. AVe foutid tlhat this material. was car(ciaogeniec
oneP, of the earliest exl)prilments witlh it yielde(d 8 cancers
aid( 3 p)apillon)as fromi 20 miice in 256 days. This
Imiixttlre of high-boiling comnl)ounds will be referred to as

Schlrioeter " for the salke of brevity. In som-le prepar-ations
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FIG. 1.-Mouse painted with 3'-methyl-.L2,5.6 dibenzanthracene. FIG. 2.-Papilloma. Mouse painted with 3'-methyl-1.2,5.6 di-

205th day. henzanthracene. 189th day.
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FIG. 3.-Epithelioma. Mouse painted with 1.2,7.8 dibenz- FIG. 4.-Epithelioma. Mouse painted with 1.2,7.8 dibeni-
anthracene. 223rd day. anthracene. 252nd day.

A. H. G. JOHNS: PATENT BRANCHIAL
CLEFT.

F. A. E. SILCOCK: CONGENITAL DYSTROPHY
OF THE NAILS.
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the rathler hiighier tem~pelature.~, (600 to 700) us,ed by beiizantlhracene and of "Schrocter." Tje, 1.2,3.4 comnpound,
Schir(eter in hils subsequient workIc wer-e -employed. linactivo \which miay be regarded a-s differinog from t.he two othlersi
miaterial.may be obtainied if the alumiinium chiloride is in that it is ~a 9.10 substituted phenantfirene- gives a spectrum of

too lw a oncenratin, oractsfor to shrt a ime. quite differ-enit type. The graphice -formiulae -of the comnpounds
NVIten thiese niegative r-esults are excluidedi the total v'ieldl atesiov below.
oaf turnioutis fr-omi a,ll the exper-imenits withi " Schroeter " Eachi of these fouir comipounids was applied to teni mice;
whichl gave any turnouits at all hias been 118 canceers and at the (late of writling the experimiienit has lasted 285 Clays.
30 pal)illomnas in 496 mice. Ourl later obser-vationis indicate Thie 1.2,3.4 series died out early, leavinig onte mouse onily
that the carcinogenic agent miay niot be pr-oduced iu oni th.e. 133rd day, so that no compariso of this Compound
effective amnountt at body temperature, but is inicreased to wvithi the othiers is possible at p~resent. A second series is
the conicentr-ation required to cause cancer in the skini untder observation. One of the- tliree survivors of the
of a miouise by the hieatin-g n-ec-essary to distil off the 1.2,5.6 series bears, two well-developed paSpilloinas.* FouiH mIIIce,
unialtered t-etralin. Hence thie original object of these in the 3'-niethyl-1.2,5.6, series have l)roduiced papillomnas.
cxp)eriniuents-namely, to producee aii active carcinogenic (Figs. 1 anid 2.) In the -1.2,7.8 seriels, the first tumnour
agrent at body temperature-may niot hiave been attainied, appeared oni the 169thi day, whieni six of the ten mice wier-e
buit the developmlients of this wiorkli desceribed below hiave still alive; the animial was killed oni the 223rd day anld the
diver-ted outr investigations for a timie in other direction's. tumiiouri was found to be clearly malignant, shiowinig invasion

Tetralivdronaplhthaleine is niot fluiorescenit, buit the carcino- of muiiscle over- a, w%ide area. (Fig. 3.) Anothier miouse
geniie miaterial obtainied fr-omi it by thte act ioni of aluiiu-ijltiium showed a p)apilloima, oni the 22211d(1 ay; the- tuimiouir griew

1 .2-Bei zaitliracenie. Dibhci za nthraccnles.

H3

chloridle slhows a blue-violet fluorescence, whichl becomes, rap)idlv, and( whleni thie nmouse was kiilledi a mouth laiter
very initense in a beam of ultra-violet lighit. If thits shiowedi obv-ious inivasion of muscle. (Fig. 4.) Thte last
fluorescent lighlt is Passed thrioughl aI spectroscope oii to a twio suriviv-ors of thle serics, each bearingo a tumjiourt, wcere
Photographuic plate a spectrum i~s ol)t1ai-ned consistinig of killed on thie 278thi day; bothi turniouits- were foundi( to be
thr-ee bands of wave-lengths approximately 4,000, 4,180, mnaligniant.' Thurs thle teni mice painted withi 1.2,7.8 dibeniz-
andI 4,400 A.UJ.; thie bands are shiarply definied oni the anthracene, vieklded 4 cancers. The pre-canceroums per~iod
shiort wave-lenigth Sidle and grade less abruptly inito the, is longTer thtanit it s lin mice painited withi a good carineiogenici
backgroimid omi thle ugl( waNlVe-leng-th side. Thle 3,680 A.U. tar. Our exeinieiits wvithi thedieathaeswlle
miercury- linie is used as a fixed wvave-lengrth for coimpar-isomi. repeated withi larger series of miicee and purer sam-plso
A large numii-ber of puire hyvdrocarbons aiid othier substamnces the eompIounds. All .suich experimients requirie repetitiomn
were tieni examin-'ied lbv time s-ame miiethiods in the hope of withi very pure miateri-al those whio hiave most experience
finiding omi-e wichiil shiowed the spectruim of '' Schroeter.''` of hiydrocarbons will. be the least. ready to asser-t that anyv
No identical specti-umiil as as. -vet beeni found. However, samp'le is, quiite p)lre. We hiave applied a. largoe numiiber of
onie -omnipound-_-n amelv, 1 .24-enzanthracene--gives thrie-e hyvdrocar-bonis (naphuthmalenme, a-a-dinaphthy-l, l-fl7dinaph_
bamnds which rlesemible those of " Seluroeter " ver-y closely, thivl, a-phievlll naphthalene, cyclohiexanie, cyclohiexene,
bothli'ii character and( in Position r-elativo to one anothier, dodecahid\'(rot riphleinvhene, a'cenaplitlienie, fluorenie, anthra-
butt In abs-olute Position thiey lie nearer to the invisible cene, /3--uuetIrvl anitliiraceine, octhracene, pliei an-thirenie,
ren(io n. Sonic reasons, whlich nteed niot be set forth hiere, reteiie, truixene, i ap)hthiacenie tetrahydr-onaphithacene,
snuggested- that ani additioni to tIme lbenzantliracene molecule chryvsene, and others) 'to mice withi neaieiesults, and
mighlt produce'the desired shiift of the fluorescent spectruim we liave miany otlier compounids niow und(er test. Hence
towards tIme visible, and, p)ossibly, thie 'developmtent of theeaemn onrl pnte r-esults obtaineod wiithi the
caIrciniog,enic propeities also. Theso additionis mnay take dibenzanthiraceines. In the explerimeDtS of Twvort- amid
variouis formn-s, suchl as: Fultoni2 chrysene Produced 5 canicers and 10 papillomas

1. Thie attachimenit to tIme hyvdrocarb)on nuchleims of side clmaimis, mu aparmul,seeaIudeso ic teeatnme
which may beahiphatic ~~~~~isnlot -stated). The fluiorescencie spectrumn of clirysenie iswliclr'avbe 'lipiaic(for- examuple, tIme miethyvl group) or-

aroniatic (for exam-ple, the phienyl or beuizyl groups). A veysmlrtthtobeanrcmiindmaaerbu
nImieoschcmonsnml,tm3-eyl,6peyl iipsitioil is displaced considerably -towards the region of
910l-diplieiiyl-, and 10-benzyl-benzanthiiracenes--hiave. been symi- shrelaeleghtais,aa rmte "Sebrioeter ~

thiesize-d in this l-aborato'ry for time firs't timnie by' Dr. 'J. W. bands.
Cook, who wvill describe his methiods in the Jominm-al of time -Appar.ently nieithier benzanthracene nior any of its deriva-
CeilSociety. Most of these cm uns shlo'w a shift teshsbnfod,amid perhaps bias niot been ogtfr

of tIme spectrumti towards that of Selbroeter," but- to not mnore i oltr n eaea rsn xmnmntr n h

-1 XT I Inco~~amon time many eaof midesaprsetil undmiscovee inar cald tar,
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TABLE I.
1. GCas-works tar.
2. Creosote oil.
3. Green oil. . ivafives of gaiworks tar4. Anithr-acene oil. d
5. Pitchl distillate.
6. Heated Califoiriniani petroleum.
7. Acetylene tar.
8. Yeast tar.
9. Muscle tar.
10. Cholesterol tar.
11. Hair tar.

If acetylene tar (No. 7) is satiiirate(1 witlh chloriale, (a)
tle "' Schr;oeter " bands are shifted abouit lhalf-waAay towar(ls
thie benmuaithracene positioii, andtl (b) the ca rcinogemii power
of tlhe tar is ver-v Imuch1 lessenied,. In tw-o c-omiiparable series
of 70 mice the chlorinated tar pr'odueed 4 canlcrs anld 4
papillomas, anid the unchlorinated tar 21 ca,ncers anid
5 papillomas.

Thje f-ollowinig siibstaances gave a diffuse sp<ectrun c-overing
ver-Y roughly the 4,000-4,40 region w\itholut difflerntiatiOll.
into halds.

TABLE I.
1. Sliale (blue) oil.
2. Pitchi.
3. tas-works tar (a samiiple miiade at 600°0.
4. Spindle oil.
5. Refinied lubricating oil.
6. Blast furnace tar.
7. Unllheated Califolrniani petroleuim.

(Of thesze, 1, 2, 3, anid 4 are carcinogeniic, and 5. 6, anid 7
arIle nlot. The Californiiani petroleumiii, wheni heated to 8800,
yiells a strongly carcinog,eniic material (No. 6 in Table 1).
It is; possible that in some or all of those cases the
spectiiin is confused bv; the presence of a niiiibl)er of
fluiorescenlt coinlpouiids.

'Tloe following materials gave the samiie spectrum as those
in Tabhle I, hut have niot produced cancer.

TABLE III.
1. Tetr-o-vl propionic acid mother liquor.
2. Undistilled aluiminiumi-cloride-treated titaliin.
3. Benzvl oleate (technical).
4. Oleic acid (techlnical).

Two possioble explanations of this discrepaniey raay be
suggested-namely (1) that the spwectruim is givesi botli by
carcinogenic comiipotunids and by alliedl compounds whlicll are
not earcillogenic, and (2) that ti e fluorescence test is a
very imuch miore delicate onie thlan is the production of
cancer in nlice. Thlus somie hydrocarbons, are fluoiesceint at
diltutionis of 1 in 200,000,000. Onic would not expect such
solutions to affect the skill of a mnouse. TwoIrt hias recorded
papilloinata in nmiie lpaintel w-ith oleic <acid. Possibly
leatillg of the oil in the process of miianiufacturi is respoll-
sible for tlhis effect.

Finally, to cnomplete the list of exceptions, we must recor-d
oine cancer produe0d by a non-fluorescent substance. One
elpithelionia occurred i;l 30 iusice painted with commiercial
tetralill; w-e tlheni pliinted 100 iice withl puire tetralin, but
obtaiined i)o molre tumoiirs.
Tue very frequienit r-te- rrlence in cancer-p)roduciing agents

of tlhe fluore.sicent spectrumiiii described suggests tlhe possi-
bilitv of the uise of it for the l)reliminar-y examination of
miiater ials, sUCh1 as lubricating oils, suspected of carcinogenie
effect. The test on umice is, of course, necessary for
collcllisiv-e proof.

All 1 he spectroscopic work described helre was carried out Ivy
I. Hieger ilder gratits from the British Empire Cancer Campaign.
We are indobted to Dr. E. c1e Barry Barinett for mianiy specimenms
of pini-e liydrocarhbons uised for spectroscopic comparison, anud to
Dr. Alfred Piinev for time accompanying p1hottomicrograplhs.
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A CASE OF DIPHTHERIAL ACUTE MYOCARDITIS
STUDIED BY MEANS OF THE PORTABLE

ELECTRO-CARDIOGRAPH.
BY

DONALD HALL, M.A.?, Mf.D., F.R.C.P.,
PHI SICIAN, ROYAL SUSSEX COUNTY HOSPITAL, BRIGHTON.

IN tltwil pi.wlper ill the 7i#i4Ish 3!edk1a?l Journ-ial of J.nuary
18thi, 1%30, Dr. J. Strickland Goodall antd Dr. T. Jenier
Holsilln s1umm11liarize thie chief use of the electro-cardioaraph
w. (1) diagnaosis o0
(1 1(i10o - anialysis; (2)
rstimiation of j)pogress
un1ler trealtmlenlt . Tthe
QtPlOro-(v'ard iograms of

thiv patienlt wN-ho is the
i1hbjv(t of this short,
rtfidle weri-e v:aluablv

first, in oe,tablishing
the diaglnosis of acute
nimvoc rditis tit a timile
wi-iiein sicthl coIIld onily
Le iniferred fr omii hier
Symptoms ill thle
ah)sence of abnormial
pmhy sial signls, and1
S:'i(idlvtl\. inl givillg a

clearl ext imatio] ,of
fll., ,1...l4itil ,if tfho
.iuVIC-aRdiUinl <aS. it b)ecame mole severely affected, and
ths1as it 11'd(C a grlad(llll but stead(y recovery fruim the
acuto inflaiiimatio.

Tlhe patient was a girll, aged 11. who was removed froom the
s.anatorium of a boarding-school withliin the Brighton area, and
-aws first electrio-cardiograplhed oin October 23rd, 1929, wlhen I first
F-aw her at the Briglhton Borough 'Sanatorium in consultation witlh
IDr. G;aham-Bonnalie anid Dr. C. Fraser Br-ockinigton, the resident
medical officer. She w-as tl]eni in the twelftli day of diphtheria,
and that morning had devleloped vomiting with pr-ecordial pain.
So far as the circulatoryv system was concerned t he only abnor-
iialhivy objectively was a low bloo(d pressuire (68 40 mm. of

merceury . The cardiac borders an-d sounds were niormal, antid tihere
uas n1o inltelrriuptioIn of rhythm. An electro-cardiogram, however,

I .,4..

A
-4

. .
I..'**'.

wihih was; takenii by Ihe Cambridge portable instrument, gavc
us proof of myocardial affectioin. All the complexes, auricular
and ventricuilar alike, were of low voltage. The Q R S wavrs
were, slurred, as well as stunted. Tlhe T wave in Leads I anfl 71
wvas shallow anid inverted, wiliie in Lead III the T was unideniifi-
able. The P waves, althlough small, were iden(ifiable in all thrree
Ieade, and the P-R interval was within -niormal limits. TheIleart's rate was 96.

Slhe was electro-cardiographed again on November 8th, when
she gav-e a record whlich is the niost interesting of all. At that
titne there. w-as clear evidence of ani affected rriyocardium, the heartu
being (Iilate(1 anid rapid, withl a caniter rlhythm: the blood presur(ie
-as still abnormally low, anid particularly the Dnulse Dressure:

but as this is one of
a series of eases in
whlich Dr. Brockington
has made a carefuli
study of the changes of
the blood pressure, which
he intends to puiblislh,
I do not pIropose to go
further into that matter.
The electro - cardiogram
shouwed the nmvorditis
of the left ventricle to
be so great that the
patient had a rigILt-
sided preponderance. The
initial ventricullar com-
plexes were so low in
voltage that I hey
mcasured a nmere 2 mm.,
buit the inaitial coinpl-ex
in Lead I wva.s an S
anwl in T.-A17T - ID

slhowing that for the t.ime being the right ventricle was the
predominating chamber. The T waves were much as beforc-in
Leads I anid ii a very shallow inversion, and in Lead III hardlv,
if at all, id4entifiable.

Oni Novenmber 29th the electro-caardiogram lhad againi clhangedl.
In Lead I the initial ventricular complex was a minute bizarre
wave of the tvype met with in Lead III in a proportion of healthb
subjects, biut, in contrast to the previous record it conitained boti
R. and S elements. The T wave in that lead remaimied shallow
anid inverted. There was great alteration in the ventricuilar com-
plexes in Leads I.I and 1II. Voltage had increased frov- 2 mnml.
to 11 mim., Pnd there was a definite inverted T wave of ordinlarv
type.
Further changes wer-e nioted in the electro-cardiogram of

December 12th. In Lead I the small bizarre initial ventricular


